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POLYMER ELECTROLYTE WITH HIGH STABILITY. ITS USE IN 
ELECTROCHEMICAL SYSTEMS 



FIELD OF THE INVENTION 

The present invention relates to electrolytes and electrolytic compositions 
with high perfonnance, particularly with high stability, and to 
electrochemical systems using these electrolytes and/or these 
electrochemical compositions. 

STATE OF THE ART 

The marketing of tlie lithium-ion battery by Sony described by T, 
Nagura in 3'"^ Rechargeable Battery Seminar, Deerfield Beacli, Fl (1990) has 
allowed an expansion and an important breakthrough of the batteries in the 
field of portable electronic devices such as telephones and computers. The 
technology of Li-ion batteries is based on electrodes with lithium 
intercalation; the anode consists of graphite and the cathode consists of 
metal oxides (LiCo02, LiMn04, LiNiOi). During the first charge, a 
passivation film is formed at the carbon surface. The chemistry and 
composition of this passivation filni are complex. The electrochemical 
protocol of this film remains an industrial secret. From 1990 to 1999, the 
chemistry of the Li-ion battery was essentially based on the use of liquid 
electrolytes. An extrapolation of the same chemistry to large volumes for 
applications in the field of electrical cars remains problematic because of the 
reactivity of the liquid electrolyte that involves the security of the battery on 
a large scale. 
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Starting in 1999, the so-called « Li-ion polymer » teclinology was 
marketed particularly by Japanese firms. This technology uses gelled 
polymers (« gels ») as electrolyte, the proportion of polymer in the 
electrolyte varying from 5 to 10% by weight. The anode is of the graphite 
type, the cathode is of the LiCoOa type, The average voltage of this 
technology is 3.6 volts. One of the advantages of this technology resides in 
the simplification, in particular for generators of prismatic shape, that are 
more and more in demand. The absence of free liquid allows the use of 
wrappings of the type « metal plastic laminate » that are flexible and 
impervious, which is accompanied by an increase of the mass and 
volumetric specific energy. The electrochemical power obtained by using 
this technology is however limited to discharge speeds < 2C (charge - 
discharge in 30 minutes). 

The use of polyethers as electrolytes in generators was described by 
Dies in US-A-5,356,553 Patent, by Yuasa Inc. in US-A-5,436,090 Patent 
and by Hydro-Quebec in US-A-6,280,882 Patent. The polyethers mentioned 
in these documents are stable at a voltage < 3.9 volts and are compatible 
with polymer electrolyte technologies such as those developed by Hydro- 
Quebec which uses cathodes of the vanadium oxide type between 2.2 and 
3.4 volts, or recently of the LiFeP04 type and which operate at a constant 
voltage of 3.5 volts. In return, this type of polyether has appeared to be 
unstable with cathodes of the 4 or 5 volt type that use LiMn204 or LiCoP04 
based cathodes. 

These technologies allow to have energy and power that extend up to 
a yield of 12 C (charge-discharge in 5 minutes). This technology operates at 
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voltages higher than 4 volts versus L^/Li. To increase the security of the 
generators using this technology and to further increase the available energy 
density, a stable polymer gel electrolyte must be used at voltages > 4 volts. 

On the other hand, it is known that the polymers of the star type allow, 
including in the case of polyethers, to decrease the tendency to crystallize 
which indicates instability. Polymers of the star type with 3 branches derived 
from glycerol or trimethylol propane have been used to constitute polymer 
electrolytes, that are cross-linkable through acrylate or metliacrylate 
terminations. 

There was therefore a need for electrolytes and electrolytic 
compositions that are deprived of some of the disadvantages of the 
electrolytes of the prior art and which have a good stability during cycling. 

SUMMARY OF THE INVENTION 

The present invention relates to a polymer electrolyte based on at least 
one four branched polymer having a substantial electrochemical stability. 
This polymer electrolyte also called HVSP (High Voltage Stable Polymer) 
can advantageously be used in electrochemical systenns. 

The present invention also relates to electrolytic compositions 
obtained by cross-linking the polymer electrolytes of the invention. 
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Another object of the present invention relates to processes allowing 
the preparation of a dry or plasticizing polymer and its use particularly in the 
field of hybrid super condensers and electrochemical generators. 

Finally, tlie present invention relates to electrochemical devices, 
particularly to super condensers including at least one electrolyte and/or at 
least one electrolytic composition according to the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1: illustrates the range of electrochemical stability of different 
anodes and cathodes; the average potential of each electrode is 
illustrated as a flmction of the stability of the polymer (HVSP) 
of this invention as compared to a known polyether (POC), 



Figure 2: illustrates an electrochemical process according to the invention 
to detect oxidizing current and shows the operating voltage limit 
of the polymer. 

Figures: illustrates the different applications of the « High Voltage 
Stable Polymer » (HVSP). as electrolyte with different anodes 
and cathodes for batteries and super condensers. 



Figure 4: 



illustrates the experimental device used to carry out infrared in- 
situ polymerization. 



Figure 5: illustrates the results of oxidation stability tests of different 
polymers without and with addition of different types of Ti02. 

Figure 6: illustrates the results of stability tests of the polynier without 
and with addition of SiOi- 

Figure 7: illustrates the results of stability tests without and with addition 
of PVDF or with addition of PMMA. 

The present invention also relates to processes allowing the preparation of a 
dry or plasticizing polymer and to its use particularly in the field of hybrid 
super condensers and electrochemical generators. 

GENERAL DESCRIPTION OF THE INVENTION 

Witliin the scope of tlie present invention, the expression electrochemical 
device covers particularly batteries, super condensers and hybrid super 
condensers. 

A battery is an electrochemical device including at least one anode and one 
cathode made with an insertion material or a conducting polymer. 

A super condenser includes at least two double layer electrodes without 
insertion and does not rely on aii insertion reaction. 

A hybrid super condenser includes at least one insertion electrode and at 
least one double layer electrode. 
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A battery or a super condenser is generally represented as follows: 
Anode/Electrolyte/Cathode : (I) 



A first object of the present invention resides in the family of polymer 
electrolytes for an electrochemical generator based on: 

at least one four branched polymer preferably having hybrid 
terminations, more preferably still, hybrid acrylate (preferably 
methacrylate) and alkoxy (preferably alkoxy having 1 to 8 
carbon atoms, still more preferably methoxy or ethoxy) 
terminations, or vinyl terminations, at least one branch of said 
four branched polymer (and preferably at least two branched) 
being capable of giving rise to cross-linking; 
at least one component selected from the following families: 

poly(vinylyJdienefluorides), also called (PVDF), of 
chemical formula (CH2-CF2)n, where n preferably varies 
between 1,000 and 4,000, preferably such that n is near 
150, preferably those having an average molecular weight 
between 10,000 and 1 million, more preferably still those 
having an average molecular weight between 100,000 and 
250,000; 

poly(vinylydiene fluoro-co-hexafluoropropene) 
copolymers, of formula [(CH2-CF2)x(CF2-CF(CF3))i.Jn 
also called (PVDF-HFP), wherein n varies between 1,000 
and 4,000, preferably n varies from 2,000 to 3,000, more 
preferably still n is near 150 and x varies preferably 
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between 0.12 and 0.5, preferably those having an average 
molecular weight between 10,000 and 1 million, more 
preferably still those having an average molecular weight 
between 100,000 and 250,000; 

poly(tetrafluoroethylenes), also called (PTFE), of 
chemical formula (CF2-CF2)n, wherein n varies from 5 to 
20,000, preferably n varies from 50 to 10,000, preferably 
those having an average molecular weight between 500 
and 5 million, more preferably still those having an 
average molecular weight between 5,000 and 1,000,000, 
preferably about 200,000; 
poly(ethylene-co-propylene-co-5-methylene-2- 
norbomenes) or ethylene propylene-diene copolymers, 
also called EPDM, preferably those having an average 
molecular weight between 10,000 and 250,000, 
preferably between 20,000 and 100,000; 
polyols, preferably polyols such as: 

a polyvinyl alcohol having an average molecular 
weight preferably between 50,000 and 1 million, or 
a cellulose, preferably having an average molecular 
weight between 5,000 and 250,000 in which part of 
the OH groups are replaced by OCH3, OC2H5, 
OCH4OH, OCH2CH(CH3)OH, 0C(=O)CH3, or 
OC(=0)C2H5. and/or 

ethylene oxide condensation products, preferably 
those having an average molecular weight between 
1,000 and 5,000, preferably pure or in admixture 
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with propylene oxide on glycerol or 
trimethylolpropane, and possibly cross-linked with 
a di or tri-isocyanate of formula (0=C=N)x-R in 
which 2<x<4 and R represents an atyl or allcyl 
group ensuring polyfunctionality with the group 

(0=c=N)x; 

poly(methylmethacrylates) also called (PMMA), of formula 
[(CH2'C(CH3)/(C02CH3)]n wherein n preferably varies between 
100 and 10,000, more preferably still n varies from 500 to 
5,000, preferably those having an average molecular weight 
between 10,000 and 1 million, preferably those having an 
average molecular weight between 50,000 and 500,000; 
poly(acrylonitriles);, also called (PAN), of chemical formula 
[(CH2-CH(CN)]n in which n varies from 150 to 18,800, more 
preferably still n varies from 300 to 4,000, preferably those 
having an average molecular weight between 10,000 and 1 
million, more preferably still those having an average molecular 
weight between 20,000 and 200,000; 
Si02-Al203; and 

nano TiOa non coated or coated with an organic material that is 
preferably compatible (i.e. stable and/or generating no 
secondary parasite reaction), with one or more of the polymers 
defined in columns 1 and 2 of US-A-6, 190,804 Patent, the 
organic material preferably being selected from the group 
comprising at least one polyol and/or one polyethylene- 
polyoxyethylene copolymer and/or an inorganic material that is 
preferably Si02 and/or AI2O3. 
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Preferably, the four branched polymer is one of those defined in columns 1 
and 2 of US-A-6, 190,804 Patent This document is incorporated by reference 
in the present Application. 

This polymer is preferably a star shaped polymer of the polyether type that 
has at least four branches with terminations containing the following groups: 
acrylate ou mcthacrylate and alkoxy, allyloxy and/or vinyloxy, in which at 
least one and preferably at least two of these groups are active to allow 
cross-linking. The stabihty voltage of an electrolytic composition according 
to the invention that contains this polymer is clearly higher than 4 volts. 

According to a preferred embodiment of the present invention, the four 
branched polymer is a tetrafunctional polymer preferably having a high 
molecular weight and corresponding to the formula (I): 

R^ 

I I I 0) 

— (CH2CHO),^™(CH2CHO)n~CO~C^ ^CH^ 

in which R^ and R~ each represent a hydrogen atom or a lower alkyl 
(preferably from I to 7 carbon atoms); R^ represents a hydrogen atom or a 
methyl group; m and n each represent a whole number higher than or equal 
to 0; in each high molecular weight chain, m + n ^ 35; and each R\ R^ R^ 
and each of the m and n parameters may be identical or different in the 4 
high molecular weight chains. 



9 



According to another preferred embodiment of the present invention the 
High Voltage Stable Polymer (HVSP) consists of a star type polyether 
having at least four branches with a hybrid termination (acrylate or 
methacrylate and alkoxy, allyloxy, vinyloxy), It stabihty voltage is clearly 
higher than 4 volts. 



According to a preferred embodiment of the invention, the polymer 
electrolyte additionally includes a salt, preferably a lithium salt, such as 
LiTFSI, or a mixture of salts with a plasticizing agent preferably consisting 
of an organic solvent. 



According to another advantageous embodiment, the polymer electrolyte in 
the absence of solvent or plasticizing agent is in dry fonn (free solvent), as 
obtained by adding a lithium salt or a mixture of salts in the polymer matrix 
(ensuring ionic conductivity). The preferred lithium salts are those of the 
type: LiN(S02CF3)2; LiTFSI, LiN(S02C2F5)2; BETl, LiC(S02CF3)3. LiBF4, 
LiPFfi, LiC104, LiSOaCFj, LiAsFg. 

According to another advantageous embodiment, the polymer electrolytes of 
the invention contain a plasticizdng agent consisting of at least one mixture 
of organic solvents preferably selected from the group consisting of: an 
ethylene carbonate, a propylene carbonate, a y-gamma butyrolactone, a 
dimethyl carbonate, a diethyl carbonate, a tetra ethyl-sulfone amide, and a 
methyl-ethyl carbonate (EMC). 
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A second object of the present invention consists of the electrolytic 
compositions obtained jBrom at least one polymer electrolyte according to the 
first object of the present application, preferably by subjecting the 
components of said electrolyte to conditions allowing their cross-linldng. 

According to an advantageous embodiment, cross-linldng is carried out by 
UV, by heat treatment and/or by electron beam (EB). 

The electrolytic compositions obtained by cross-linldng in the presence of at 
least one lithium salt, are particularly interesting. 

Those obtained by cross-linking in the absence of lithium salts are also 
interesting. These electrolytic compositions may be prepared in a reactor, 
however also in a battery or in a hybrid super condenser, once the latter is 
built. It is merely sufficient to introduce therein a polymer electrolyte of the 
invention and to cany out cross-linking m situ. 

Cross-linking is advantageously carried out: 

at a temperature between 50 and 100'' C, preferably at a 

temperature between 60 and 80° C; and/or 

for a period of time between 5 minutes and 8 hours, preferably 

for a duration between 1 hour and 4 hours; and/or 

in the presence of a cross-linldng catalyst preferably selected 

fi-om the group comprising peroxides, hydroperoxides and 

peresters, preferably the catalyst is selected fi-om tlie group 

consisting of organic peroxides such as peroxycarbonates 

(benzoyl peroxide or azo compounds). 
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According to an advantageous embodiment, the electrolytic composition is 
in the form of a gel. this fonn being preferably obtained by the Doctor Blade 
method or by injection. 

According to anotlier advantageous embodiment, the electrolytic 
composition is in solid form, this form being obtained by the Doctor Blade 
method or by extrusion. 

A third object of the present invention consists in an electrochemical 
device such as a battery, a super condenser or a hybrid super condenser 
comprising: 

at least one electrolyte of the invention and/or at least one 
electrolytic composition according to the invention; 
an electroactive anode preferably of the Li4Ti50i2 type, and 
a 3.5 to 5 volt type cathode such as those made from LiCoPO* 
and/or Li(iV[no.66Nio.34)02 or the like. 

Another advantageous super condenser according to the invention 
comprises: 

at least one polymer electrolyte and/or at least one electrolytic 
composition according to the invention; 
an electroactive anode preferably of the Li4TisOi2 type; and 
an electroactive cathode preferably of the carbon type with large 
surface area. 

Preferably, carbon is in the form of particles having a specijgc surface larger 
than or equal to 2 mVg and lower than or equal to 2500 mVg, preferably in 
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the form of particles having a specific surface that is larger than or equal to 
50 mVg, preferably between 50 and 2400 mVg. 

According to an advantageous embodiment, the electroactive cathode is of 
the conducting polymer type and preferably consists of at least one 
conducting polymer having liigh voltage such as a polyaniline and/or a 
polythiophene and/or an arylthiophene, preferably selected among the family 
of 3 -arylthiophenes- 

Preferably, the electroactive anode is of the GIC (Graphite Intercalation 
Compound) type, preferably made of natural and/or synthetic graphite, 
and/or highly crystalline carbon, preferably carbon is heat treated before 
being used to constitute the electrode, at temperatures > 2000*^ C (two 
thousand degrees Celsius). 

According to a particularly advantageous variant, in these electrochemical 
devices, the electroactive anode consists of a layer of carbon of the low 
crystalline type, preferably a carbon treated at temperatures lower than or 
equal to 2000° Celsius and/or a hard carbon. 

Preferably, the electrochemical devices or super condensers according to the 
present invention have an electroactive anode of the lithium alloy type, such 
as AlLi and/or Li4.4Sn22 or the like. 

Other electrochemical devices or super condensers of particular interest 
include those in which the electroactive cathode is a 4 volt cathode and is 
preferably made from at least one oxide selected from tihe group consisting 
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of LiCo02, LiMn204 and/or LiNi02 or compounds involving redox couples 
of tliese elements, alone or in admixture. 

By way of example, a super capacitor device that is liiglily perfonmng is 
prepared with an electroactive anode of the metallic lithium type. 

It is therefore an object of the present invention to provide any 
electrochemical device that has a stability during cycling, as determined by 
the method defined in the description on page 17, that is higher than 4 volts. 

DESCRIPTION OF PREFERRED EMBODIMENTS OF THE 
INVENTION 

A first preferred embodiment of the present invention is illustrated in Figure 
1. The operation of the anodes and cathodes are represented therein by their 
respective average voltage, 

A battery or a super condenser is generally represented as follows: 

Anode/Electrolj^e/Cathode: (1) 
The operation of four types of anode is represented in Figure 1, namely the 
following anodes: 

metallic lithium; 

carbon and graphite; 

lithium based alloy; and 

Li4Ti50i2- 

Tlie operation of two types of cathode is represented in Figure 1, namely the 
following cathodes: 

4 volts (LiCoOa, LiMn204, LiNi02); and 
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5 volts (LiCoP04, carbon with large surface area: double layer 
carbon). 

Within the framework of the present invention, a carbon with large surface 
(specific) area is a carbon having a specific surface higher than 50 mVgram. 
More particularly, in the case of Figure 1, the carbon with a large surface has 
a surface of 80 m^/gram. 

To be sure of being able to use the electrolytes of the invention, tested in all 
the types of electrochemical devices mentioned in Figure 1, according to 
equation (I) defined above, the polymer must be stable under reduction and 
under oxidation. The only polymer that combines the properties mentioned 
above is the polymer electrolyte according to the invention, also called 
HVSP (chemical name). This polymer is based on a star shaped polyether 
having at least four branches with a hybrid termination (acrylate and 
alkoxy). Its stability voltage is clearly higher than 4 volts. Against all 
expectation, it was noted that the structure of the polymer has no effect on 
the chemical stability and therefore the electrochemical stability of the 
polymer. In a surprising and unexplained manner, it was found that the star 
shaped polymers having at least four branches in the electrolytes and 
electrolytic compositions of the invention have a range of stability that is 
clearly higher that the one of linear or three branched star shaped polymers 
mentioned above (stable at < 3.9 volts). 

The physico-chemical compatibility of HVSP graphite allows to form a 
stable passivation film at the surface of graphite and to ensure a good long 
term cychng property with cathodes operating at 4 volts and more. 
HVSP used in this invention is manufactured by DKS Japan and is 
represented by commercial designation ELEXCEL MP210-1. At room 
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temperature, this polymer is in the form of a transparent viscous liquid and 
has the following physico-chemical properties: 
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alkaline metallic ion (ppm, as Na"^ 


10> 


chloride ion (ppm, as CI") 


10> 


acrylic acid (ppm) 


10> 


molecular weight 


10100 


appearance* 


transparent 




viscous 




liquid 



* at 15^ C, viscosity is typically about 3.5 Pa.sec. 

This polymer has three branches with a hybrid temiination (acrylate and 
alkoxy). The acrylate termination serves to cross-link the polymer. Cross- 
linking may be carried out by using many methods, either by UV radiation, 
by electron beam, also called (EB) for « electron beam », or by a thermic 
method by selecting an adequate initiator. 

It appears that the acrylate, methacrylate, allyloxy or vinyloxy termination is 
used to ensure cross-linking of the polymer and that the alkoxy 
termination(s) are used to ensure stability of the polymer during oxidation. 
To detect the operation voltage limit of the polymer with an oxidation 
current, a new electrochemical method represented in Figure 2 was used. 
According to this embodiment of the present invention, the cathode is a 
composite of a poljncner and large surface area carbon dispersed on an 
aluminum current collector. Thanks to the surface that has been developed 
for carbon, this material acts as detector and can detect any oxidation current 
with a current intensity as low as 2|iA, The electrolyte in solid or liquid 
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fonn, soaked in a microporous membrane of polyolefin type, such as 
Celgard®, is stable at a high voltage. 

The anode is made of metallic lithium that serves as reference electrode and 
as counter-electrode. 

The electrochemical method used is slow cyclovoltammetry that is used with 
a scanning speed of 10 mV/h, This method illustrates oxidation current as a 
function of voltage: each time the current is near zero, the operating voltage 
of the polymer is stable. 

Figure 3 illustrates various technological configurations capable of being 
advantageously applicable to HVSP polymer based electrolytes, namely: 

Technology (I) - Li4Ti50i2/HVSP/carboii: hybrid super condenser 
In this configuration: 

Li4Ti50i2 represents the insertion anode, HVSP is the 
electrolyte and separator, the catliode is based on carbon 
(preferably based on graphite) of large specific area, i.e. a 
specific area larger than 50 m^/gram and preferably between 
500 and 2500 m"/gram; more preferably still about 2400 
mVgram (about 1200 mVgram in tlie case of graphite which 
represents the theoretic limit of the intferior planes of graphite); 
the mechanism associated with this cathode is the double layer 
(CDL); 

the electrolyte may appear in two forms; 

dry and containing 40 to 85%, preferably about 50% by 
weight of polymer matrix, the remainder being a lithium 
salt or a mixture of salts to ensure ionic conductivity, the 
salts preferably being selected from the group 
comprising: LiN(S02CF3)2; LiTFSI, 
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LiN(S02C2F5)2; BETI; LiCCSOiCFa)!; LiBF4; LiPFg; 
LiC104; LiSOaCFa and LiAsFg; 

gel and containing from 5 to 75% by weight of 
ELEXCEL polymer and 95% to 25% of plasticizing 
agent, the plasticizing agent being a mixture of organic 
solvent such as: EC (ethylene carbonate), PC (propylene 
carbonate), Y-GBL(Y-butyrolactone), dimethyl carbonate 
(DMC), diethyl carbonate (DEC), TESA (tetra ethyl- 
sulfone amide), ethyl methyl carbonate (EMC), the salt or 
mixture of salts being at a concentration that varies from 
0.75 to 2 moles with respect to the plasticizing agent. 

The use of technology (I) allows to cause the electrode materials to operate 
above 4 volts. It should also be noted that the use of £14X15012 requires no 
previous formation of the electrochemical system. 

Technology (II) - Graphite/HVSP/Carbon: hybrid super condenser 

In tliis configuration, graphite constitutes the insertion anode, HVSP is the 
electrolyte and the separator, the cathode is based on carbon with large 
surface area, the mechanism zissociated with this cathode is of the double 
layer type (CDL). 

The electrolyte is in two forms: 

dry and containing from 40 to 85%, preferably about 50% by 
weight of solid polymer, the remainder consisting of a lithium 
salt or a mixture of salts to ensure ionic conductivity, tiie salts 
preferably being selected from the group consisting of: 
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LiN(S02CF3)2; LiTFSI, LiN(S02C2F5)2; BETI; LiC(S02CF3)2; 
LiBF4; LiPFe; LiC104; LiSOjCFj andLiAsFe, 

gel and containing 5 to 75% by weight of polymer 
material and 95 to 25% by weight of liquid plasticizing agents 
the plasticizing agent is a mixture of organic solvent such as: 
EC (ethylene carbonate), PC (propylene carbonate), y-GBL(y- 
bntyrolactone), dimethyl carbonate (DMC), diethyl carbonate 
(DEC), TESA (tetra ethyl-sulfone amide), ethyl methyl 
carbonate (EMC), the salt or mixture of salts being present in 
the solvent at a concentration that vaiies from 0.75 to 2 moles 
with respect to the plasticizing agent. 

The use of teclinology (11) enables to reach a stability for the materials > 4.5 
volts. The polymer electrolyte HVSP is stable under reduction and allows to 
possibly form a passivation film at the surface of graphite. It is stable under 
oxidation and can ensure good cycling properties. A « previous 
electrochemical formation » must be carried out through a suitable cycling 
sequence before using the electrochemical generator. 

Technology (JJI) - Li4Ti50i2/HVSP/Cathode 5 volts (LiCoPOi): Li-ion 

The anode and the cathode are insertion materials, HVSP is the electrolyte. 

The electrolyte is in two forms: 

dry and containing 40 to 85% by weight, preferably containing 
about 50% by weight of polymer matrix, the remainder 
consisting of a lithium salt or a mixture of salts to provide ionic 
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conductivity, the salts preferably being selected from the group 
consisting of: LiNCSOjCFj):; LiTFSI, LiN(S02C2F5)2; BETI; 
LiC(S02CF3)2; LiBF*; LiPFe; UCIOa; LiSOsCFa andLiAsFe, 
gel and containing from 5 to 75% by weight of gel and 
polymer matrix and 95 to 25% of plasticizing agent, the 
plasticizing agent being a mixture of organic solvents 
such as: EC (ethylene carbonate), PC {propylene 
carbonate), Y-GBL(Y-butyrolactone), dimethyl carbonate 
(DMC), diethyl carbonate (DEC), TESA (tetra ethyl- 
sulfone amide), ethyl methyl carbonate (EMC), the salt or 
the mixture of salts being at a concentration that varies 
from 0.75 to 2 moles with respect to the plasticizing 
agent. 

Use of technology (III) enables to reach a stability for the materials > 4.5 
volts. The use of LiATisOn requires no previous formation of the batteiy. 

Technology (IV) - Graphite/HVSP/Cathode 5 volts (LiCoP04): Li-ion 
batteries 

In this configuration, the anode (graphite) and the cathode are insertion 
materials, HVSP constitutes the electrolyte and the separator. The 
mechanism associated with this anode is of the GIC type (graphite 
intercalation compound). 

The electrolyte may be in two forms: 
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- dry and containing 40 to 85%, preferably containing 50% by weight 
of polymer matrix, the remainder consisting of a lithiimi salt or a 
mixture of salts to ensure ionic conductivity, the salts are preferably 
selected from the group consisting of: LiN(S02CF3)2; LiTFSI, 
LiN(S02C2F5)2; BETI; LiC(S02CF3)2; LiBF4; LiPFe; LiC104; 
LiSOsCFa and LiAsF6, 

gel and containing 5 to 75% by weight of gel and polymer 
matrix and 95 to 25% of plasticizing agent, the plasticizing agent being a 
mixture of organic solvents such as: EC (ethylene carbonate), PC (propylene 
carbonate), Y-GBL(y-butyrolactone), dimethyl carbonate (DMC), diethyl 
carbonate (DEC), TESA (tetra ethyl-sulfone amide), ethyl methyl carbonate 
(EMC), the salt or the mixture of salts being at a concentration that varies 
from 0.75 to 2 moles with respect to the plasticizing agent. 

Use of technology (IV) enables to reach a stability of the inaterials > 4.5 
volts. The HVSP polymer is stable under reduction and can form a 
passivation film at the surface of the graphite. It is stable imder oxidation 
and can ensure good cycling properties. A previous formation must be 
carried out before the super condenser. 

The following examples are given only as illustration and should not be 
interpreted as constituting any kind of limitation of the object of the 
invention. 

Example 1 - test of stability under oxidation of the polvmer gel 
ELEXCEL MP21Q-1; Electrolyte and binder 
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80% by weight of the four branched star shaped polymer ELEXCEL 
MP210-1 is mixed with 20% by weight of a PVDF (KUKEHA, Japan, KF 
1300) of molecular weight 500,000 g/mole, to provide the polymer matrix. 

Then, 78% by weight of this polymer matrix is mixed with 22% by weight 
of Shawinigan carbon having a particle size between 1 00 nm and 250 nm. 

This mixture is dispersed on an aluminum collector, and is thereafter heated 
during 12 hours under a flow of nitrogen. Then, drying is completed during 
2 hours under vacuum. The thus obtained electrode is mounted to face a 
lithium metal electrode separated by a Celgard (reference 2300) soaked with 
a EC + DMC-IM LiC104 electrolyte. 

The electrochemical test that is carried out is a slow cyclovoltanunetry 
(lOmV/h) between 3 and 4.5 volts, hi' this voltage range of 3 and 5 volts, a 
stability under oxidation was obtained as compared to a standard three 
branched polyether in which the oxidation current significantly increases at 
about 3.9 volts. 



Example 2 - test of stahiTitv under nTirt^ tion of thP p nlyn,.. p.i 
ELEXCEL MP210-1: El^ftrniY fa 

A Shawinigan carbon composite (20 weight percent) is mixed with a binder 
of the type PVDF (80 weight percent). An electrode is prepared manually. 
This electrode is used as worlcing electrode. Metallic lithium is used as a 
counter elecnode as well as a reference in the electrochemical cell. 
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The polymer electrolyte is prepared by mixing polymer ERM-1 ELEXCEL 
(4 branches) from DKS lot 8K1201 with 1.5 M LiBF4 in EC/GBL (1:3) from 
Tomiyama, and addition of a Perkadox 1 6 thermoinitiator from Akzo Nobel, 
in the proportions: 0.102 grams of Perkadox- 16 (1000 ppm) in 100 grams of 
the solution ERM1(EC:GBL + LiBF4), knowing that the weight ratio 
ERM1/EC:GBL + LiBF4) is (90:10). 

Figure 4 shows the experimental device used to carry out infrared in-situ 
polymerization, at a temperature of 80" C. After 1 hour of treatment, the gel 
is completely formed, and is of transparent color. The three electrodes are 
connected to a cycling device of the MacPile® type. The electrochemical test 
is carried out as in example 1. Figure 5 shows the oxidation wall of the 
polymer gel: the voltage of the stability wall measured at a current value of 

< 

lOOM is 4.7 volts. 

Example 3 - stability test under oxidation of the polymer gel ELEXCEL 
MP2101 1/TiO, fXP-41g>; Electrolyte 

The same Shawinigan carbon composite as in example 2 is mixed with a 
binder of the type PVDF. An electrode is manually prqjared from this 
composite. This electrode is used as working electrode in an electrochemical 
device of the three electrode type. Metallic lithium is used as counter 
electrode as well as reference. The polymer electrolyte is prepared by 
mixuig polymer ERM-1 ELEXCEL (4 branches) from DKS lot 8K120I with 
1.5 mole of LiBF4 m EC/GBL (1:3) from Tomiyama, and by addition of the 
Perkadox 16 thermoinitiator from Akzo Nobel in the proportions: 0.101 
grams of Perkadox 16 (1000 ppm), 100 grams of the BRM1/EC:GBL+ 
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LiBF4) solution, and 0.506 grams of TiOj nano (XP-416 fromKronos). The 
weight ratio ERMI/(EC:GBL+ LiBF4) is (90:10). 

Figure 4 shows the experimental device used for infrared in-situ 
polymerization at a temperature of 80* C and after 1 hour, the gel is 
completely formed, it is of whitish color. The tliree electrodes are connected 
to a cycling device of the MacPile® type. The stability test was carried out as 
in example 1. Figure 5 shows the oxidation wall of the polymer gel: the 
voltage of the stability wall measured at 100 fiA is 4.8 volts. 

Example 4 - test of stability under oxidation of the polymer gel 
ELEXCEL MP210-l/TiO, (XP-413: Electrolyte 

The same Shawinigan carbon composite as in example 2 is mixed with a 
bmder of the P VDF type. An electrode is prepared from the composite by 
laying the foot on an aluminum support. This electrode is used as working 
electrode in an electrochemical system of the 3 electrode type. Metallic 
lithium is used as electrode as well as reference electrode. The polymer 
electrolyte is prepared by mixing ERM-1 ELEXCEL (4 branches) from DKS 
lot 8K1201 with 1.5 moles of LiBF4 in EC/GBL (1:3) from Tomiyama, and 
by adding the Perkadox 16 thermoinitiator from Akzo Nobel, in the 
proportions of 0.050 grams of Perkadox 16 (500 ppm), 100 grams of the 
ERM1/(EC:GBL+ LiBF4) solution, 0105 gram of TiOz nano Rutile with an 
inorganic surface treatment CAI2O3 and ZrOa) and a second organic surface 
treatment based on polyol (XP-413 of Kronos). Knowing that the weight 
ratio ERM1/(EC:GBL+ LiBF4) is (90:10). Figure 4 shows the device used 
for the infirared in-situ polymerization test at a temperature of 80* Celsius 
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and after 1 hour, the gel is completely formed and is of whitish color. The 
three electrodes are connected to a cycling device of the MacPile'^ type. The 
test for electrochemical stability is carried out as in example 1. Figure 5 
shows the oxidation wall of the polymer gel. The voltage of the stability wall 
measured with a current of 100 \xA is 4.57 volts. 

Example 5 — test of stability under oxidation of the polymer gel 

ELEXCEL MP210-l/TiO> (XF-415): Electrolyte 

A Shawinigan carbon composite (the same as in example 2) is mixed with a 
binder of the PVDF type. This electrode is used as working electrode. 
Metallic lithium is used as coimter electrode as well as reference electrode. 
The polymer electrolyte is prepared by mixing the polymer ERM-1 
ELEXCEL (4 branches) from DKS lot 8K1201 with L5 moles of LiBF4 in 
EC/GBL (1:3) from Tomiyama, and by adding the Perkadox 16 
thennoinitiator from Alczo Nobel in. the proportions of 0.050 gram of 
Perkadox 16 (500 ppm), 100 grams of the solution ERM1/EC:GBL+ LiBF4), 
and 0.105 gram of TiOa nano Rutile with an inorganic surface treatment 
(AI2O3, SiOz and Zr02) and a second organic treatment based on polyoL 

(XP-415 from Kronos), Knowing that the weight ratio 
ERM1/(EC:GBL+ LiBF^ is (90:10). Figure 4 shows the device used for 
infrared in-situ polymerization- At a temperature of 80° Celcius and after 1 
hour, the gel is completely formed and is of whitish color. The tliree 
electrodes are coxmected to a cycling device of the MacPile® type. The 
electrochemical stability test is carried out as in example 1, Figure 5 shows 
the oxidation wall of the polymer gel. The voltage of the stability wall 
measured at a current value of 100 jj.A is 4.65 volts. 
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Example 6 - tes t of stability under oxidation of the polvmer gel 
ELEXCELMP210-l/TiO, (XF-414V. electrolyte 

The same Shawinigan carbon composite as in example 2 is mixed with a 
binder of the PVDF type. This electrode is used as worldng electrode in a 3 
electrode type system. MetaUic lithium is used as counter electrode as well 
as reference electrode. The polym^ electrolyte is prepared by mixing the 
polymer ERM-1 ELEXCEL (4 branches) from DKS lot 8K1201 with 1.5 
mole of LiBF4 in EC/GBL (1:3) from Tomiyama, and by adding the 
Perkadox 16 thermoinitiator from Alczo Nobel, in the proportions 0.050 
gram of Perkadox 16 (500 ppm), 100 grams of the solution 
ERM1/EC:GBL+ LiBF4), and 0.108 gram of TiOz nano Rutile with an 
inorganic surface treatment (AI2O3) and a second organic treatment based 
on polyol (XP-414 fi-om Kronos). Knowing that the weight ration 
ERM1/EC:GBL+ LiBF4) is (90:10). Figure 4 shows the device used for the 
infrared in-situ polymerization tests. At 80' Celsius and after 1 hour, the gel 
is completely formed and is of whitish color. The three electrodes are 
connected to a cycling device of the MacPile® type. The electrochemical 
stability test is carried out as in example 1. Figure 5 shows the oxidation 
wall of the polymer gel. The vohage of the stability wall, measured at 100 
|iA, is 4.608 volts. 

Example 7: test of stability under oxidation of the polvmcr gel 
ELEXCEL IVDP210-l/SiO,i Electrolyte 
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The same Shawinigan carbon composite as in example 2 is mixed with a 
binder of the PVDF type. This electrode is used as working electrode in a 3 
electrode type electrochemical system. Metallic lithium is used as counter 
electrode as well as reference electrode. The polymer electrolyte is prepared 
by mixing ERM-1 ELEXCEL (4 branches) from DICS lot 8K1201 with 1.5 
mole of LiBF4 in EC/GBL (1:3) from Tomiyama, and by adding the 
Perkadox 16 thermoinitiator from Akzo Nobel, in the proportions 0.050 
gram of Perkadox 16 (500 ppm). 100 grams of the solution 
ERM1/EC:GBL+ LiBF4), and 0.103 gram of nano SiOi *Aerosil from 
Dcgussa, Amorphous Fumed Silica). Knowing that the weight ratio 
WRM1/(EC:GBL+ LiBF4) is (90:10). Figure 4 shows the device used for the 
infrared in-situ polymerization tests. At a temperature of 80' Celsius and 
after 1 hour, the gel is completely formed and is of whitish color. The three 
electrodes are connected to a cycling device of the MacPile® type. The 
elecfrochemical stability test is carried as in example 4. Figure 6 shows the 
oxidation wall of the polymer gel. The voltage of the stability wall, 
measured at a current value of 100 nA, is 4.757 volts. 

Example 8 - test o f stability under oxidation of the polvmer j^ el 
ELEXCEL MP21 0-1 /PVDF: Electrolyte 

The same Shawinigan carbon composite as in example 8 is mixed with a 
binder of the PVDF type. This electrode is used as working electrode in a 3 
elecfrode system. Metallic lithium is used as counter electrode as well as 
reference electrode. The polymer electrolyte is prepared by mixing ERM-1 
ELEXCEL (4 branches) from DKS lot 8K1201 with 1.5 mole of LiBF* in 
EC/GBL (1:3) from Tomiyama, and by addition of the Perkadox 16 
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thermoinitiator from Akzo Nobel, in the proportions 0.050 gram of Perkadox 
16 (500 ppm), 100 grams of the solution ERM1(EC:GBL+ LiBF*), and 0.1 1 
gram of PVDF (Kruha, Japan). Knowing tliat the weight ratio 
ERMI/(EC:GBL+ LiBF4) is (90:10). Figure 4 shows tlie device used to 
carry out infrared in-situ polymerization tests. At a temperature of 80* C and 
after 1 hour, the gel is completely formed, it is of whitish color. The three 
electrodes are connected to a cycling device of the MacPile® type. The 
electrochemical stability test is carried out as in example 1. Figure 7 shows 
the oxidation wall of the polymer gel. The voltage of the stabiliy wall, 
measured, at 100 /lA, is 4.607 volts. 

Example 9 - test of stability under oxidation of the polvmer gel 
ELEXCEL MP210-1/PMMA; Elcctrolvte 

The same Shawinigan carbon composite as in example 2 is mixed with a 
binder of the PVDF type. This electrode is used as working electrode in a 3 
electrode system. Metallic lithium is used as counter electrode as well as 
reference electrode. The polymer electrolyte is prepared by mixing ERM-1 
ELEXCEL (4 branches) from DKS lot 8K1201 with 1.5 mole of LiBF4 in 
EC/GBL (1:3) from Tomiyama, and by addition of the Perkadox 16 
thermoinitiator from Akzo Nobel, in the proportions 0.050 gram of Perkadox 
16 (500 ppm), 100 grams of the solution ERM1(EC:GBL+ LiBF^, and 0.1 1 
gram of PMMA (Aldrich). Knowing that the weight ratio ERM1/(EC:GBL+ 
LiBF4) is (90:10). Schematic illustration 1 shows the arrangement used to 
carry out infrared in-situ poIymeri2ation. At 80° C and after 1 hour, the gel 
is completely formed, and is of whitish color. The three electrodes arc 
connected to a cycling device of the MacPile® type. The electrochemical 
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stability test is carried out as in example 1. Figure 7 shows the oxidation 
wall of the polymer gel. The voltage of the stabiliy wall, measured at 100 
^A, is 4.742 volts. 

Example 10 - preparation of a hybrid suoer-ccndenser 

The anode is prepared from particles of spherical graphite whose size (after 
coating) is 20 ^m, coated with 1% of prismatic graphite, the mixture is 
carried out by mechano-fusion or with a Hybridiser, 90% of graphite is 
mixed with 5% of STYIRJENE BUTADIENE RUBBER (STYRENE 
BUTADIENE RUBBER (SBR) Zeon) and 5% of a WSC (DKS, Japan) type 
thickener that is dissolved in water. An optimimi concentration is selected 
for dispersion on copper using Doctor Blade. 

The cathode is prepared from a high specific surface carbon (2000 m^/g) of 
the PICACTIF SuperCap BPIO type, from PICA France). 20% of this 
carbon is mixed with 60% of STYRENE BUTADIENE RUBBER 
(STYRENE BUTADIENE RUBBER (SBR) Zeon) and 20 of a thickener of 
the type WSC (DKS, Japan) dissolved in water. An optimum concentration 
is selected for dispersing on aluminum using Doctor Blade. 

The polymer electrolyte is formed of a solvent/polymer mixture in a weight 
ratio of 90/10 as described in example 2. 

The electrochemical generator (hybrid super condenser) is prepared 
according to the principle Anode/Polymer electrol3rte/Cathode. 
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Estimation of the electrochemical perfonnances of the super condenser thus 
obtained is carried out between 2.5 and 4.5 volts. The average potential is 
3.6 volts and its average capacitance is 0.25mAh. 

Exampl e 11 - preparation of a hybrid super condenser 

The anode is formed from nano particles of Li4Ti50i2 that are coated with 
6% of Ketjen carbon black. Mixing is ensured by Mechano-fusion or with a 
Hybridiser. 90% of Li4Ti50i2-carbon is mixed with 5% of STYRENE 
BUTADIENE RUBBER (STYRENE BUTADIENE RUBBER (SBR) Zeon) 
to which 5% of a WSC (DKS, Japan) type thickener dissolved in water is 
added. An optimum concentration is selected for dispersing on aluminum by 
the Doctor Blade technique. 

The cathode is prepared from high surface area carbon particles (2000 raVg), 
of the PICACTIF SuperCap BPIO type, from PICA France). 20% of this 
carbon is mixed with 60% of STYRENE BUTADIENE RUBBER 
(STYRENE BUTADIENE RUBBER (SBR) Zeon) to which 20% of 
thickener of the WSC type (DKS, Japan) that is dissolved in water is added. 
An optimum concentration is selected for dispersing on aluminum by the 
Doctor Blade method. 

The electrolyte is formed of a solvent/polymer mixture 90/10 weight ratio as 
described in example 2. The electrochemical generator (hybrid super 
condenser) is prepared according to the principle Anode/polymer 
electrol5^e/cathode. 
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Estimation of the electrochemical properties is carried out under voltage 
limits between 1.5 and 2.5 volts. The average discharge potential of tlie 
hybrid super condenser is 2.25 volts, as obtained under 10 coulombs (6 min), 
it is 90% of the capacity and it additionally shows a very good cycling 
property. 

Example 12 - Preparation of a Li-ion battery 

The anode is prepared from LLiTisOianano particles that are coated with 6% 
of Ketjen carbon black. Mixing is ensured by Mechano-fiision or with a 
Hybridiser. 90% of Li4Ti50i2-caxbon is mixed with 5% of STYRENE 
BUTADIENE RUBBER (STYRENE BUTADIENE RUBBER (SBR) Zeon) 
and 5% of a thickener of the WSC type (DKS, Japan) that is dissolved in 
water. An optimum concentration is selected for spreading on aluminum by 
the Doctor Blade method. 

The cathode is prepared from LiCoP04 coated with 6% of Ketjen carbon 
black. Mixing is ensured by Mechano-fusion or with a Hybridiser. 90% of 
Li4TisOi2-carbon is mixed with 5% of STYRENE BUTADIENE RUBBER 
(STYRENE BUTADIENE RUBBER (SBR) Zeon) and 5% of a thickener of 
the WSC type (DKS, Japan) that is dissolved in water. An optimum 
concentration is selected for dispersing on aluminum by the Doctor Blade 
method. 

The electrolyte is prepared from a solvent/polymer mixture 90/10 weight 
ratio as described in example 2. The Li-ion battery is prepared according to 
the following principle: Anode/Polymer electrolyte/Cathode. In addition. 
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estimation of the electrocheimcal performances is caiiicd out between 1.5 
and 3.3 volts. The average potential is 3.25 volts and its average capacity is 
120 mAH/g. 

Example 13 - stability of the interface' Li-metal with a polymer gel 

Mechanical stability of lithium metal in the polymer gel was estabhshed, by 
using an electrochemical cell; Lithium metal/ZElectrolyte geV/LiFeP04, the 
polymer gel is the same as the one used in example I. Cycling is carried out 
at a rate in C/1 in charge discharge. No dendrite is foraied and the 
hthimn/polymer gel interface remains stable after more than 1 00 cycles. 

To summarize, the electrolytes according to the invention show for example 
properties of being capable of easy transfoi-mation into gel or soKd, are easy 
to handle, require no specific safety precaution, are electro chemically stable 
even a high voltage and are transparent in color. In solid form these 
electrolytic compositions may be used in the construction for example of 
solid batteries such as those described in the Patent US-A-6, 190,8 04 and for 
example such as those described in column 2 of this document with respect 
to figure I of the same document. 

The electrochemical compositions of the invention have for example the 
properties of being available in various physical forms, for example in the 
form of a gel or a solid, of being electrochemically stable, transparent, to 
have good mechanical properties, for example in solid form. The 
electrochemical devices of tlic invention on the other hand have for example 
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the advantages of being highly performing, for example to be very stable 
during cycling, easy to used and not dangerous. 

For the first time, electrochemical systems that are highly performing and 
have a stability during cycling higher than 4 volts, are made available. 

✓ 

Aitliough the present invention has been described with reference to specific 
uses, it is understood that many variations and modifications may be related 
to said uses, and the present invention aims at covering such modifications, 
uses or adaptations of the present invention following in general, the 
principles of the invention and including any variation of the present 
description that will become known or conventional in the field of activity in 
which the present invention is found, and that may apply to the essential 
elements mentioned above, in accordance with the scope of the following 
claims. 
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